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Transgenic organisms 



iture 



The present invention in general relates to the growth temperatiuB of oiganisms, especially 
plants and microorsanisms and the manipulation of the tolerable cultivation temperature. 
More specifically, the present invention relates to the expression of heterologous protdns in 
microorganisms, and especially to the heterologous expression of heat sensitive proteins in 
bactena, either gram-negative or gram-positive. 



It is generally known that the mesophilic hostfl coli is suitable for expression of a wide range 

of heterologous proteins, both intracellular and secreted. When ejqsression of proteins is 
induced on a laige scale inK coU, problems are often encountered due to the production of 
intracellularly agglomerated protdn, which is enzymatically inactive. The reason for the 
inactivity of these agglomerates, also called inclusion bodies, is the misfolding of the 
polyp^tide chains which are intensely sjfnthesized after induction or which cannot attain 
their natural active conformation when expressed in £1 caG or other hosts. Various attempts 
for the in vitro folding of purified agglomerated protein have been proposed and are iised on 
an industrial scale. However, the folding in vitro requires numerous processing steps to 
produce enzymatically active protdn, i.e. protdn in its correct folding structure. 
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Feller, G. et al., Appl. Env, Microbiol, p. 1 163-1165 (1998) describe the expression of the 
psychrophilic a-Amylase fiT}m the Antarctic p^chrophilei4/r^o77ro/iaj fudcpbrnktis in £L coli 
by lowering the cuttivation temperature of the transformed expression host to 18 X. It was 
demonstrated that the expression of active enzyme could be increased over that of &e wild 
^e Alteromonas haloplanktis and furthmnore that the recombinantly produced en^me had 
the same kinetic parameters as the wild type enzyme produced at 4 The authors tho-efiire 
concluded that the psychrophilic enzyme is correctly folded -whsa expressed recombinantly 

■ ft 

ia£L coli at IZ^C. 

A drawback of low cultivation tmperamres of mesophilic host organisms is the dramatically 
reduced growth rate» and, consequently a reduced synthesis rate of the heterologous protein. 

In view of the known state of art the pres^ invention aims at providing organisms, especially 
micro oxgaxusms which axe capable of growth at lower temperature^ for instance at 
temperatures similar to the range of growth temperatures of psycbrophtles. Furth^more/the 
present invention aims at providing aii expression system for heterologous proteins in micro 
organisms whidi are capable of producing correctly folded protein, i.e. protein with a 
structure which retains the enzymatic or interactive activity of the native wild type protein. 

In a first aspect, the present invention provides a method for manipulation of cells and the 
resultant cdls, characterized in that at least one g^ fcom a psychrophilic micro organism 
coding for at least one chaperone or duqieronin is exprased. Such cells are selected among 
cultivated eukaryotic cells, i.e. animal and plant cells and entire plants. giam*n^ative and 
gram-positive bacteria^ fimgi and yeasts. 

In a second aspect, the present invention provides a method for producing heterologous 
proteins in micro organisms as well as the micro organisms themselves, i.e. animal and plant 
cells, gram-negative and gram-positive bacteria, fiingi and yeasts, characterized in that at least 
one gene from a psychrophilic micro organism coding for at least one chaperone or 
chaperonin is expressed. The heterologous proteins to be expressed comprise gene-products 
from mesophilic as well as psychrophilic organisms. 

In a thiid aspect, there is provided a method for in vitro folding of aggregated or misfolded 
protdn^ characterized in that at least one chaperone or chaperonin from a psychrophilic micro 
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organism is contacted with the aggregated or misfolded protein in presence of necessaiy 
nucleotides. 

la a fourth aspect, DNA and amino acid sequraces are provided for native ch^eronins Cpnl 0 
and Cpn60 of Oleispira atOcavtica along with mutant chapoomns vwtti ahered characteristics 
as well as methodology and guidelines for clanui& ejqiressing and adapting chaperones for 
Bn hmictfiB the expression of heterologous proteins, and especially thermo-sensitive 
heterologous fnotnns, in their native conformation in host oiganisms, for adapting host 
oiganisms to lower growth tempeiatuies and for re-foliMng, at low thermal conditions, 
denatured protein In vitro. 

The invention is illustrated in relation to the chaperones from the psychrophilic baaeiium 
Oleispim mtarcttoa, vrfuch have been designated Cpn60 and CpnlO and which are co- 
opnalive in tfaor wild type foiros. 

The standard growth temperature of the widely used es^ession host bacterium E. coli is 37 
'C whh an experimental lower limit of approximately 15X. The theoretical lower limit can 
be calculated to 7.5 'C by the square-root growth model of Ratlrow^ et al., J. BacterioL, 
1222^1226 (1983). 

m 

It has now been discovered that the expression of chaperonin Cpn60 and its co-oporadng co- 
du^eronin CpnlO in K coti deoeas^ the bcXosX growth t^nporature to 0 to 7 "C with a 
theoretical tniwimnm of -13.7 The growth rate of these cdldness-ada^edfi coli reaches 
0.28 /h at 8 **C and 0.22 /h at 4 X. 

When heterologous genes are expressed inJKl co// which harbour both the chaperonin Cpn60 
and its co-chaperonin CpnlO, tfien the expression can take place at ^igntficantty lower 
cultivation temperatures, i.e. 0 to 7 ""C and thermo-senative protein can be produced by K 
coli in its native conformation, e.g. enzymatically active. 

It was shown that Cpn60 adapts its tertiary stiucture in a temperature-dqjendem manner. At 
t he nonnai g r owth temperature of antarcUca of 4 to 10 "^C, the predominant teitiary 
stiucture of Cpn60 is a heptameric single rmg of identical subunits along with lower 
molecular weight dissociation intermediates. In a terap^ature range of 12 to 24 Cpn60 is 

3 
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predominaiitly presem as a 14-iner, consisting of two stacked rin^ each comprised of seven 
identical subunHs. However, the dissociation of the stadced heptameric rings at lower 
tenqioaluie is d^eadent on the presence of nucleotides of adenine, citidin^ uridine or 
guanidine. It was shown that the activity of Cpn60 to refold denatured proteins is dependent 
on nucleotides, e.g. adoionsine triphosphate (ATP). 

From the fi>llo\inmg examples, analytical data of tiic ch^eronins CpnfiO and CpnlO of 
Oleispira antarctica will be apparent. As a consequence^ tiie skilled persons will be enabled 
to identify and clone homologous gaies coding chaperones from eithw Oleispira antarctica 
itself or from ofliBr psychrophilic microorganisms, e.g. otfier eubacteria or archaeobacieria 
using the sequmce infonnation given for the chaperonins of O. antarctica and the cloning 
strategy below or other known procedures. As source organisms for chaperones with similar 
frmctional properties as and/or homology to those specifically disclosed herein, the following 
can be used: Morweetta, AUeromonas haloplanktis. 

Homologous chaperones^ derivatives or mutant forms of tiie chaperomns Cpn60 and CpnlO of 
Olei^im eatuavtica whidi retain the fimctional properties in respect of the lowering of the 
growtiitoiqiaative of a transformed mesophilic host organism and/or in respect of the 
chapetone activity to refold denatured proteins extiaceUularly. for example in vitro, are also 
accessible on the basis of the examples given below. 

When screening otiier psychrophilic organians for chaperonins homologous to those of O. 
antarctica, sequence aligmnrait studies and con^^arisons can be employed, for example 
exploiting homologies of CiMi60 of a antarctica to CkoEL oFB^ coll and Cpn60 of 
Paracoccus denitnficans in order to identify residues witii an influence on substrate 
specificity and/or conformation of the chaperonin. Variants can be constiucted in accordance 
with the methodology presented below for produdng mutant chaperonins of 0. antarctica. 

Derivatives or mutant fonns of O. arOarctica can readily be obtained by genetically 
engineering the DNA sequoice of the genes enco<fing Cpn60 and/or CpnlO. Sud» mutants 
may have altwed substiate binding speciBcities. altered nucleotide binding propwties or an 
altered secondary or tertiary structure or altered intaacticm parameters of a chaperonin wdth 
its co-chaperonin. e.g. of mutant Cpn60 witii mutant CpnlO. It can be expected tiiat mutations 
introduced at sites responsible for substrate binding change the substrate specifidty, 

4 

EiDPf-zeit: 13/10/2003 15:21 . . Fmpf.nr.:941 P-Oll 



13-OKT-a003 15: 19 



DR.TRFaJTTIS 



+45 511 S357222 S 



mutations at sites responsible for the association of subunits to the single ring confonnation 
change the single ring structure, and mutations at sites responsible fi>r die interaction of ring 
structures with one another to stacked rings change the conformation and consequently the 
stability and the temperature-dependent association of rings and ultimately their activity 
and/or substrate specificity. 

Short description of the figures: 

Figqre 1 shows the amino acid sequence of native Cpnl 0 ($EQ ID No 1) and Cpn60 (S£Q 
ID No 2) of a antarctica. 

Figure 2 shows the DNA sequences of native CpnlO and Cpn60 (SEQ ID No 3) of O. 
anUxrcticcL 

Figure 3 shows the amino add sequence of esterase (SEQ ID No 4) of O. cmtarctica 

Figure 4 shows the DNA sequence of esterase (SEQ ID No 5) of O. anmraica. 

% 

Figure 5 shows the annno add sequences of native CpnlO (SEQ ID No 6) and Cpn60 (SEQ 
ID No 7) of O. antarcUca and esterase (SEQ ID No 8) of O. {mtarcticcL 

Figure 6 shows the DNA sequence of the e^qpression cassMe of native CpnlO and Cpn60 and 
of O. cmiarcUca with the esterase (SEQ ID No 9) of C7. tmtarctica. 

Figure 7 shows the aroino acid sequences expressed from the expression vector coding for the 
co-expression of native CpnlO (SEQ ID No 1 0) and the stabilized single ring mutant 
Glu461Ala/Ser463AlaAraI464Ala of Cpn60 (SEQ ID No 1 1) of a antarctica with the 
esterase (SEQ ID No 12) of a aniarctica. 

m 

Figure S shows the DNA sequence of the expression vector SEQ ID No 13) coding for the co- 
expression of native Cpnl 0 (SEQ ID No 10) and the stabilized single ring mutant Cpn60 
(SEQ ID No 1 1) of (7. aniarcUca with the esterase (SEQ ID No 12) ofO. cmtarctica. 
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Figuie 9 shows the ammo acid sequences of native CpnlO (SEQ TD No 14) and of the 
stabilized single ring mutant Glu461 Ala/Ser463 AlaA^al464Ala of Cpn60 (SEQ ID No 15) of 
O, antarcHca, 

Figure 10 shows the DNA sequence of the stabilized single ling mutant 
Glu461 Ala/SeF463 AlaArai464Ala of Cpneo (SEQ ID No 16) of O. antarctica. 

« 

The ^camples below describe the methodology of cloning the chaperonin genes Cpn60 and 
CpnlO from O. aniarctica as well as generating nmta&t and variant chapmnes. Th^efore, the 
sldiled person will be instructed on how to influence stability and activity parameters of 
chaperones having similar &nctional parameters as those described specifically. 

Example 1 : Cultivation ofDIeispira aattarcUca and isolation of Cpn60 and CpnlO: 

a antarciica RB-S w^e cultivated at 4 **C in 400 mL ONR7a medium (Dyksterhouse et aL, L 
J. Sys. BacterioL 116-123 (1995)) supplemented with 0.2 vol % Tween 80 (Sigma Chemicals) 
to an optica] density of 0.7 to 0.8 at 600 nm, harvested by centrifiigation (4500 x 30 min» 4 
X) and frozen at -20 X. Thawed cells were suspended in two-fold volume of buffer 
containing 50 mM Tris-HCU pH 7.0, 10 mM MgCl2, 10 mM KCl, 2 mM EDTA, 1 mM DTT. 
1 tablet protease inhibitor cocktail (Roche) and Dnase I grade n, then homogenized in a 
French press at 68.95 bar (1 000 psiX centriiuged (35,000 x & 35 min, 4 X) and the 
supernatant concCTtiated by ultrafiltration by centrifiigation against a membrane with a cut- 
off at 10 kDa (Centricon, Amicon Inc.) to 2 mL. 

The purification was by elurion from a Mono-Q HR 10/10 ion ^change column, equilibrated 
with 50 mM Tris-HCl, pH 7.0. 10 niMMgClz, 10 mMKCI, with a 0 - 1 MNaCl gradient in 
the same buffer for 200 min at 2.0 mL/min. Fractions containing Cpn60 and CpnlO were 
identified by SDS-PAGE with subsequent blotting and immunodetection with a polyclonal 
antibody directed against the N-termini of both CpnlO and Cpn60 as well as by an activity 
test of the refolding activity using chemically denatured rhodanese as the substrate. Active 
finctions were eluted at 0.30 - 0.45 M NaCI, pooled, dialyzed against 50 mM Tris-HCl» pU 
7.0, 10 mM MgCl2» 10 mM KCI» 150 mM NaCl and concentrated by centrifiigation gainst a 
membrane with a cut-off at 10 IdJa (Centricon, Amicon Inc.). The concentrated pooled 
fractions were purified by gel-filtration on a Superdex 200 16^60 column, equilibrated in 50 
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mM Tris-HCI. pH 7.0. 10 mM MgCh, 10 mM KCl. ISO mMNaCl at 4 "C at a flow rate of 1 
mL/mm. Fractions were pooled, dialyzed against 50 niM Tris-HCl. pH 7.0, 10 mM MgClz, 10 
itjM KCl, concentrated by ultrafiltration by cenbtifiigation (10 kD cut-oflf membrane), then 
further purified by ion-exchange chromatography on a Mono-Q HR 5/5 column at 0.5 
mL/min of a linear gradient (20 mL) of 0 - 1 M NaCl and fractions pooled. 

Example 2; Cloning and cbafacterizatiop of ehaperonin Cnn60 and CnnIO of Qfefay^q 
antarctica. 



Starting from OleUpim tmtarcUca RB-8, available as DSMZ accession No 14852, a 
compiehenave genomic Ubraiy comprising 5 x 10* phage particles /nL, total of S mL with an 
average insert size of 7.5 kb was created using the ZAP Ejspress Kit of Stratagene according 
to the manufecturers instructions. Briefly7.5 kb fragments of genomic DNA from O. 
antarctica were cloned into a plasmid using the weU known procedure of the ZAP Express kit 
(Stratagene). 

* 

Degenerate fi)rwaid primer 5'-GCI Ga GGI ATG AAY CGI ATG G and reverse primer 5 
Ca CCI CGI GGI AGI ACT CCY TC were designed on the basis of the sequences analyzed 
from purified chaperonm fragments S V AAGMNPMDLQR and VEEGWAGGGVAAL-LR, 
lespectiv^y. These primos ware used fi>r PGR amplification of the genomic DNA of stram 
BB-8 (Smits et aL, Environ. Mircrobiol. 307-317 (1999)). The amplified fragment of 
approximately 930 bp was cloned into plasmid pGR2.1 (Jiivitrogen). Briefly, the fragment 
was purified from an agarose gel and ligated into the pGR2. 1 plasmid. Subsequent sequencing 
of the cloned PGR product revealed a high simUarity of its dedudble amino add sequence to 
the Cpn60/Hsp60 fiamily. 

The cloned PGR fragment was then excised from vector pGR2.1, labelled with digoxygenin 
(DKTDNA Labellmg Kit, Rodie Diagnostics) and used as a hfybridisation probe to screen the 
l^nihrf^ pi»».g« genomic Ubrary of RB-8. Frwn phage plaques that hybridized and identified 
using the immuno-detection of digoxygenin (Roche Diagnostics), the cloned DNA fragments 
wwe rescued witfi the infection of hdper phage fl to give plasmids pBK-CMV. The inserted 
DNA fragments of pBK-GMV was sequenced. The amino add sequence of Cpn60 and GpnlO 
translated fivm the DNA sequence (shown in Figure 2) are ©ven below in Figure 1. 
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gxam ple 3: Simultaneous expression of Cpn6Q and CpnlO of Oleispira antarctica in R colL 

'Die expression of Cpn60 and CpnlO was induced fix>m the vector pPST26, originating from 
the lambda clone No 26 that hybridized with the DNA probe for cpn60, designated pBK26, 
which was deleted upstream by a restriction with Pstl. The expression vector carries both 
genes in the orientation that enables their expression from the Puai-promoter. For 
overexpres5ion» E. coli cells Blue MRF' were transformed with pPST26, grown in LB 
medium to an optical density at 600 nm of 0.6 to 0.8 and induced by the addition of IPTG 
(isopropyl-p-D*thiogaiactopyranoside) to a final concentiation of 2 mM Cells were harvested 
by centrifiigation 2 to 3 hours after induction, resuspended in 2 mM EDTA, 1 mM 
dithiothreitol (DTT), 1 tablet protease inhibitor cocktail ^oche) and Dnase I grade 
incubated on ice for 30-45 min and sonicated for 4 min total time. Hie cell lysate was 
centrifuged at 10,000 x g, 30 min, 4 ®C and the soluble supernatant was dialyzed ovemiight 
a^inst 50 mM Tris-HCl, pH 7.0, lOmMMgCla, lOmMKCl, then concentrated by 
ultrafiltration by centrifugation against a membrane with a cut-off at 10 kDa (Centncon, 
Amicon Inc.) to 2 mL. 

Example 4! Mutants of Cpn60 with inCTeased stability of the tetradecameric structure 

Mutants of Cpn60 were constructed which show an increased stability of the two stacked 
heptameric ring confbrmations, forming the tetradecamer of Cpn60. Mutations were 
introduced by ^e-directed mutagenesis using primers in PCR amplifications which carry the 
desired nucleotide exchaqges to yield a different codon, as it is generally known to the skilled 
person. For introducing the mutations into the wild ^e gCTe of Cpn60 frx>m O, antarciloa, 
the following oligonucleotides were used in PCR: 

Lys468Thr: 5'-GGT GGT CAG TGG TTG TTG TTG ATA CAG TGA AAT CTG GCA 
CAG-3' and S^CCT GTG CCA GAT TTC ACT GTA TCA ACA ACC ACT GAC C-3' 

Ser471GIy: S'-GGT GAT AAA GTG AAA GGT GGC ACA GGT AGC-3' and 5'-GCT 
ACC TGT GCC ACC TTT CAC TTT ATC AAC-3 ' 
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Lys471Thr: 5'-GGT CAG TGG TTG TTG ATA CAG TGA AAG GTG GCA CAG GTA 
OCT TTG G.3' and 5'-CCA AAG CTA CCT GTG CCA CCT TTC ACT GTA TCA ACA 
ACCACTGACC-3' 

GLU461 ALA/SER463ALAA^AU64ALA 5 -CCT AA,C GCA GGT GCT GCA GOG GCA 
GCG GTT GTT GAT AAA GTG-3' and 5 -CTC TTT ATC AAC AAC CGC TGC CCC 
TGC AGC ACC TGC GTT ACC-3 \ 

Firstly, Lysin 46S was exchanged for a Threonin, and secondly. Serin 471 was exchanged for 
a Glycine and thirdly, a double mutant Lys468Thr/S^471Gly was produced. These plasmtds 
were expressed in £. coU strain XLOLR as described in Example 3 with the appropriate 
antibiotic kanamycin added. All three mutants demonstrated a more stable association of the 
heptam^c rings to ^e tetradecam^c stacked ring structure durii^ native gel electrophoresis 
(7.S % FAGE^ poly acryl amide gel electrophoresis according to Laemmli). 

Example 5: Mutant ofJConSO with deqeased stability of the tetradecameric structure 

As a fourth variant, a mutant with three amino acid substitutions was produced as above; 
introdudng the mutations Glu461 Ala, SeT463Ala and Val464Ala. This mutant was shown in 
native VAGB to have a single ring heptam^c conformation with an apparmt mass of 
approximately 400 kDa^ which corresponds to the wild-type single heptameric ring 
conformation. 

The above described mutants were purified as described in Example 1 . The analysis of the 
mutant proteins by circular dichroism demonstrated that the triple mutant 
Glu461 AIa/Ser463 AlaA^al464Ala as well as the double mutant Ly546SThr/Ser47lGly were 
not destabilized in their r^ective overall secondary conformations in comparison to the 
wiJd'type Cpn60. 

Us i ng t he measurement of peptide ellipticity at 220 nm to monitor the loss of secondary 
stiu ct ure due to increasing temperature, it could be demonstrated that the stabilized double 
ibig mulaul Lys468Thr/Ser471Gly has an increased temperature stability at 45 - 55 ''C and a 
at a rate for ATP hydrolysb 1.3 to 1.6 times higher than the wild type and the stabilized single 
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ring mutant Glii461 Ala/Ser463AlaA^al464Ala. tlie latter hawig temperature stability up to 24 



Similar results ftw an increased temperature stability at increased hydrolysis rates for ATP are 
obtained for mutants of Cpn60 of O. antarctica Leu468Thr and Ser47lGly, which each show 
an increased stability of the double ring structure conq«red to the wild type^ at least in 
presCTce of ATP. 

\!Srith a view to adapting chapoones to the cultivation traaperature, it can therefore be 
concluded that single ring variants of diaperoninsy especially of Cpn60 oi O. mtavtica RB-8, 
are essential for producing protan in its correct confbrmation at low ten^eratures, e.g. at 0 - 
8 "C, whereas variants of ch^eronins, especially of Cpn60 of O. antarctica RB-8, are 
essential for produdng prolan in its correct conformation at bigho- tonperatures, e.g. at 
above 10 - 12 °C. 

pyapi ple 6: Chaoerone activity of CcnSO an ^ mutqnts in vitro 

The wild type Cpn60 ftom O. antarctica, wfthout its 00-chaperonin Cpnl 0 has refolding 
activity under both physiolo^cal and t^eiature stress conditions of 0 - 30 °C, which b in 
coirelation with the range of the ^wth ten^jerature of the soitfce organism. 

When used in in vitro foUing procedures, isolated wild type Cpn60 refolds denatured protdn 
as a slngla ring at 4 to 8 "C, whereas at >12 "C, the predominam conformation of the active 
form is the double ring complm. 

Whrai UMUg chenucally denatured mtMDH (mitochondrial raalate dehydrogwiase) (Nielsen et 
al., MbL Cell 93-99 (1995)) as the substrate for in vitro refolding procedures^ it was found 
that spontaneous refoldmg occurred at about 16 - 24 % at a temperature range of 4 to 30 "C in 
50 mM Tris-HCl, pH 7.0, 50 mM MgClz, 50 mM KCi. 

When testing the refolding activity of the wild type CpnGO, the stabilized sin^e ring mutant 
CHu46lAla/Ser463 Ala/Val464Ala, and the stabilized double ring mutant 
Lys468Thr/Ser471Gly under tiie same conditions with added C^nlO and ATP (1 mM), it was 
found that the stabilized single ring nuitant catalysed refoldmg at 4 to 8 "C at 70 - 80%, but 
was inactive for refolding at above 10 "XI. The behaviour of the stabilized single ring mutant 
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led to the conclusion that at the low temp«^re^ the co-chaperonin CpnlO could bind even to 
theheptameiic confbnnation, whereas at elevated temperature presumably CpnlO could not 
be released from this heptameric single ring. 

In contrast to the stabilized single ring mutant, the stabilized double ring mutant 
Lys468Thr/Sei47lGly yields a low refoUmg effect (20%) act low temperature of 4 X. 
approximately four times lower than the stabilized single ring mutant (80%). 

Wild type Cpn60 was active from 4 to 20 °C, showing a higher refolding activity at lower 
temperatxires. 

Although the wild type Cpn60 as well as the stabilized single ring mutant could not catalyse 
refolding at teropeiatures of above 25 - 30 X, the stabilized double ring mutant was active, 
i.e. at 28 the refolding yield was more than ten times that of the wild ^e Cpn60 and that 
of the stabilized smgle ring mutant, with activity up to 36 ^C. 

From these rewlts it can be infeared that the temperature range, in which a chaperonin is 
active for refolding denatured protdn can be influenced by its conformation as a stabilized 
single or stabilized double ring variant Furthermore, at least the amino acids in homologous 
positions as Lys468 and Ser 471, respectively, in Cpn60 of O. anlarcUca are responsible for 
this temperature rang^ of chs^erone activity. 

Fuithennore it is demonstrated that even as a single ring structure, Cpn60 catalyzes the 
refolding of denatured protdn when in combination with its co-chaperonin. Further 
experiments usix^ a competition assay of radio-labelled CpnlO and non-labdiled CpnlO at 4 
•"C and 20 °C demonstrated that the co-chaperonin is released from the stabilized single ring 
mutant of CpnfiO only at the lower temperature and in presence of denatured protan substrate 
(denatured mtMDH). At the higher temperature Ae bound co-chaperonin was not released 
from this mutant Cpn60 when denatured protdn substrate was added. When testing the 
stabilized double ring mutant of Cpn60 under the same conditions, the release of the co- 
chaperonin was independent from the temperature and lower by a ftctor of 4 - 5 compared to 
the-stabiSized angle mi% ixiutant. 
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PTrompiy 7; ynfluBticB of vBriiint chaperonBs on the e mwth of trRnsformed host organisms 



The effect of the presence of a gene product coding for the wild chaperone from a 
psychrophUic organism as well as of variant cbaperones thereof have been assessed for the 
growth of £■ cott at vaiying temperatures. K coli have been transformed with a plasmid 
bearing, under the control of an TPTG inducible lac promoter the gene for wild type 
chaperonin Cpn60 and its co-chaperonin CpnlO of O. antardica, the stabilized single ring 
mutant cau46lAla/S«463AlaA^al464Ala, and the stabilized double ring mutant 
Lys468Thr/S«r47lGly. respectively. As shown in Figure 9, K coliv/Hbont beterofogous 
chaperone grew at 15 X only to some extent (ODcoo after 48 h incubation 0.74 H- 0.24), at 4 
*C, no growth was observed. Only K coli expressing the wfld type chaperonm Cpn60 and 
CpnlO or the stabilized single ring mutant Giu461Ala/Ser463 AlaA^al464Ala grew at 4 "C up 
to an ODaoo = 1.5 +/- 0.14 after 48 h.. However, at 15 "C, the stabilized single ring mutant 
Ghi461Ala/S«463AlaA^al464Ala (ODeoo = 0.75 +/-0.10) did not enhance viability, but wUd 
type Cpn60 and CpnlO (OD^oo = 1.45 +/-0.12) and the stabilized double ring mutant 
T ^fi{iThr/Seni7iGlv fODon = 1.63 +/-0,24) allowed for an danced growth. 



From *ese findings it is dear that ^tJbssa. screening for or constructing variant chaperonins it 
has to be considered that at lower temperatures for growtili of host cells and for refolding of 
denatured protein to their native conformation the efiBsctiveness, Le. activity of the chaperonin 
is dependem on its teitiaiy conformation. As has been detailed for chaperonin Cpn60 and 
CpnlO of O. antarcticajbs active conformation of Cpn60 at low temperatures, Le. below 12 
X is the single hqitam«ic ring structure, whereas at h«her temp^atures, i.e. above 12 "C, 
the active conformation of C^nfiO is the double ring structure. 



Since this temperature dependence of the chaperonin activity has been elucidated for Cpn60 
of a emiarcttca, the skilled posons wUl be able to apply these findings to homologous 
cbaperones from psychrophUes and to mutant and variant forms thereof using standard 
methodology. In detaU, the influence of the ammo acids Lys468 and Ser471 on the 
stabiUsation of the association of the heptameric rings of Cpn60 has been demonstrated. 
Accordingly, the influence on stability of the tertiary conformation of their fonctionaUy 
equivalent residues in homologous chaperonins is evidem and can be used to manipulate the 
tertiary structure and, as a consecjuence the temperature d^dence of homologous and 
variant chaperones. 
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As one mutant fom of a homologous chaperonin, the GroEL from JEl coU was mutated 
doubly by Thr468Lys and Gly471Ser to arrive at a chap^omn with altered activity at 
temperatures below that of umnodified GroEL. The sequence of GroEL of E. coti is available 
as acces^on No F06139 at the Swissprot databank. 

Example 8: Chaoerone activitv of Cpn60 and i t; mutants in viva 

The influence of chaperones from psychrophilic oiganisms on the expression of protem in its 
nativci, Le. non-denattured confonnation is demonstrated on the example of the tempmture 
sensitive esterase from O. antarctica in E, co/? with and without presence of the hetwologous 
ch^>eronin Cpn60 from O. antarctica. 

The esterase gene from O. aniareUca RB-8 (DSMZ No. 148521) was cloned from the 
genomic lambda libiary described in example 2. Detection of clones expressing active 
esterase was after infection ofK coli XLl-Blue MRF' and incubation by overlay with an 
aqueous solution containing per niL 60 ^iL naphthyl acetate (20 n^mL acetone), 0.25 mM 
IPTG and 16 ^L of Fast Blue RR (SOmg/mL dimethyl sulfr>xide). Positive clones exhibited a 
brown halo after about 2 h incubation and were isolated after consequent phage particle 
dilution, infection of £1 coli and halo detection. The inserted DNA sequence from positive 
clones was rescued by helper phage infection and sequenced. The amino acid sequence and 
the DMA sequence of the esterase from O. antarctica are given in Figures 3 and 4, 
respectively. 

For expression experiments of the thermo sensitive esterase as cloned above, the esterase gene 
(est) was cloned into an £1 coli expresrion vector under the control of a lac-promoter, 
alternatively in combination with an e7q)ression cassette under a lao-promoter of the wild type 
chaperoxun Cpn60 and its co-chaperonin CpnlO (cpnl0;:cpn60:;est, see Figures 5 and 6 for 
amino add and DNA sequence^ respectively) and in combination with the stabilized single 
ring mutant Ghi461Ala/Sra>t63AlaA^al464Ala and CpnlO (cpnlO::stabilized sii\gle ring 
mutant Glu461 AIa/Ser463 AlaA^al464Ala::est^ see Figures 7 and 8 for amino acid and DNA 
sequences, respectively), under control friom a lac-promoter as wdL Standard PCR-clomiig 
procedures with primers designed accordiog to the established gene sequences were used. 
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E. cott cells TOPIO CInvitrogeii) were transfonned with the above plasmids by electroporation 
and incubated in LB broth containing the appropriate antibiotic kanamycin at 4, 8, 10, 15. 20, 
30, and 37 "C each. Induction was done -with I mM IPTG. Once the cultures reached maximal 
esterase activities, the ceUs were harvested by centrifiigation. resuspended in 50 mM Tris- 
HCl, pH 7.0, 50 mM MgClz, 50 mM KCl containing one protease inhibitor tablet Oe^cche 
Diagnostics) and Dnase 1 grade II, incubated on ice for 30 - 45 min and sonicated ftw a total 
of 4 min. After centrifugation at 10,000 x g for 30 min at 30 , the supernatant was dialysed 
overnight against 50 mM Tris-HCl. pH 7.0. 50 mM MgCla, 50 mM KCl and concentrated by 
ultrafiUration with a 10 kDa£ul>«Ef membrane (Centricon. Mil^ore). 



Purification was by ion-exchange chromatography onMono-Q HR 10/10, equilibrated with 
50 mM Tris-HCl, pH 7.0, 50 mM MgCh, 50 mM KCl, elution with a 0 - 1 M NaCl gradient 
in the same buffer for 200 min at 0.5 mL/min. Esterase comaining fractions were eluted at 
about OJ MNaCI and pooled. After changing the buffer by dialysis and ultrafiltration, the 
pool was loaded onto a Resource 1 5PHE hydrophobic chromatography column, previously 
equilibrated with 50 mM Tris-HCl. pH 7.0, 1 M (NH4)2S04. washed with a decreasing 1 .0 - 0 
linear (NH,)2S04 gradient in 10 mM Tris-HCl, pH 7.0. The firactions active for esterase v«re 
pooled, dialysed against 10 mM Ttis-HCI, pH7.0. 150 mM NaCl and concentrated as before. 
Finally, gel filtration was performed on a Superose 12 HR 10/30 "m 10 mM Tris-HCU pH 7.0, 
150 mMNaCl at 4 "C and 0.4 mL/min. N-terminal sequencmg was employed to corroborate 
the identity of the enzyme. 



The results are given in table 1 below. 
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Table 1: 



Growth 
temperature 


Without additional 


cpn10::cpn60::est 


qpnlO::stabiii 
ring mutant 
Giu46Ala/Sei 
4o4Aia::est 


zed single 
^3Ala/Val 




Protein 
expression 


Esterase 
activity 


Protein 
expr^sion 


Esterase 
activity 


Protein 
expression^ 


BSnNoSe 

activity^ 


37 


n 


12 


275 


12 




12 






127 


2T5 


127 


2^5 


127 


20 


<2 


504 


2-5 


768 


<2 


528 


15 


<i 


1560^ 




2040" 


<1 


1400? 


10 


1 D.d. 


n.d. 


2-5 


2304' 


2-5 


2304" 


8 


1 n.d. 


n.d. 


2-5 


2400' 


2-5 


2400* 


4 


I nld! 


ltd. 


2^5 


2400^ 


2T5 


2400" 



^ Expression as%by weight of total cdl prot«n 

* Whole ceU activity in nmol tributyrin per min per g cdl lyophUisate, measured m Tris-HCI 
tmSer,pH8.5at20oC 

' Growth rate of 0.15 /h, late-ejqponmtial phase readied in 60 h 

* Growth rate of 0.46 /b. late-«qionmtial phase readied in 24 h 

' Growth rate of 0.22 - 0.28 /h, late^onential phase reached in 30 h 
^ Growth rate of 0.5 /h, late-exponenrial phase reached in 20 h 
n.d No growth observed or growth rate bdow 0.01 /h 

When^analysing the heterologousiy expressed doned est«ase firom O. tmtartaica in K coli 
under identical conditions except for the presence of IPTG inducible chaperonin genes it was 
found that without additional ch^eronins in K coU, at 37 X the hydrotytic activity was very 
low, i.e. 190 {unol/nnn/g. When reducing the cultivation temperature, higher specific activity 
of the esterase was obswved. However, the higher ^edfic activity conrdated with a 
dramaticdiy reduced expression ievd at lowra* tempwatures. 
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In E. coii also expressing the di^erosin from O. antardica in its wold type and stabilized 
single ring mutant fonns^ respectively, est^ase -was expressed at much higher level, with the 
mid type chapm^nin reaching the late-exponential growth phase after 30 h and the stabilized 
single ring mutant di^eroning after only 20 h. 

When comparing the different chaperonins e?q>res5ed, it becomes clear that their stmcture 
greatly influences their activity at Afferent temp^atures. In detail, the stabilized single ring 
mutant Glu461 Ala/Ser463AlaA^al464Ala was only efficient for production of active esterase 
at below 10 *'C. 

At temperatures above 20 ^C, the esterase activity was significantly lower for all 
transformants and it is assumed that this is due to the instability of the esterase at these 
temperatures, Howev^, when analysing the fluorescence intensity of esterase obtained fix>m 
cultures at 4 and 37 X for both chaperonin transformants, Le. wild type cpnlO::cpn60::est 
and cpnlO::stabilized single ring mutant Glu461 Ala/5er463AlaA^al464Ala::est, the 
fluorescence intensity of esterase for each transfbimant measured ftjr.the 4 ^'C culture were 
five times higher than those for the 37 culture. Therefore, misfi>ldii^ of the thenno- 
sensitive esteiase due to its expression at 37 X can practically ruled out but higher 
fluorescence values fi>r the esterase expressed at 4 ''C indicate a better folding state, 
correlating with a higher specific esterase activity. 
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Amino acid sequences of Cpn60 and Cpnl 0: 

SEP IP Nol : Conl 0 fencoded bv nucleotides dps. 458-751 of Figure 2): 

MKlRPLHDRIVVRKKEEETATAGGItl^AAAEKPNQGVVISVGTGI^^ 
V^IEGDVVWGKYSGQNTro^JCaEELIJLNESDIYGVLEA 

SEP ID No 2: ConSO (encoded bv nucleotides dps. 800-2446 of Figure 2^: 

MAAKDVLF<a5SABAKMI.VGVm.ADAVRVTIX»»KGBa^VVffiKSFGAPI^ 
AREIELKDKFENMGAQMVKEVASQAl©QACH>GTTTATVl-AQAnSEGLK 

PMDIIOEIGIDKATAAWAAIKEQAQPCIJ^TKAIAQVGTISANADETVGRLIAEAM^ 

GKEGVITVEECXGLEDELDVVEGMQEDRGYLSFYFINNQEKM^^ 

lDNUiELIJPILENVAKSCRPIXIVAEDVEGQALATLVVl«n^I^GTFKVAAVK^ 

RRKAMLQDLAILTGGQVISEELGMSLETADPSSLGTASKVVIDKE^^^VIW 

VNTRVDQIRAEtESSTSDYDlEKLQERVAKLAGGVAVJKVGAGS£M£MKEKl<^ 

PAUiATRAAVEEOWAGGGVAURALSSWVVQDiaBDQNVGIALALRAMEAPIRQl 

AC»^AGAEGSWVDKVKSGTGSfGfNA5TGEYGDMlAMGILDPAKVTKSSLQAAASI 

AGLMITTEAMVADAPVEEGAGGMPDMGGMGGMGGMPGMM 



Fignre 2 




CpnlO, pos. 458-751 
CpnfiGrpcs. 800-2446 



stcaaaaaatgcagcaaggacagattcctgcccaagaattagcagaaggtttcttgttag 
cactggcc^cgctttattattaacgoigggttttgtcactgatgcgct^gttttacat 
tactcgtccccgcgacgcgt aaagcgttggtccataaggtgattgcatttattacccctc 
gcatgatgactgcaagcagctttcaagcgacgggtagttltcaggaaggctcgtttaaag 
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atgtacancgcacactgactc^caaagcagtca^aaaaaatc^caattgaa^qgaflt 
ataccaaagacgataagtaggtattttttcggctagccglttgaa^ 





ctaatacttgggatcxaacagttggag^tctagcaaatgaaaatccgtccatta^ 

tcgjattgttgttcgccgtaaagaagaagagaccgcaactgcgggtggtatt^^ 

^gcgctgcggcagaaaaaccaaatcaaggt^gttatclctgtgggtactggccgtat 

tcttgateatggttcagtgcaagcgctggcj^aacgaaggcgatgltgtcgat^ 

taaatactcaggtcaaaataaatcgatatcgatggtgaagMttattgaimg^ 

aagtgatatctac^cgttttagaagcttaattattacactcact^^ 

caaBamaaggaaagatcatggctgctaaagacgtattamgg^gatagcgca 

aaaaatgttggtaggtgtaaacattttagccgacgcagtaag^gttacc^^ 

B^qgtaacgt^;imagaaaaatcamggtgcac^gatcatcaccaaagatg 

ttctgttgcgcgtgaaatcgaattgaaagacaaattcgaaaacatgggcgcacagatggt 

taa^aagt^cttctcaagccaacgaccaagccggtgacggcax»acga^ 

aclagc»caggcgaSt&tcBgcgaaegcttgaaat€tgt%cggc«ggcat^^ 

^atcttaaacgtggtattgataaagctacggc^ctgt^t^ 

ai 

cgatgaaacggttggtcgtttaattgctgaagcgatggaaaaagtcggtaaagaaggtgt 

gattaccgngaagaaggcaaaggccttgaagacgagctlgEtgttg^ 
gttcgatcgcggttacttgtctccgtacttca tc aacaacc aag n aaaaatsac ^t^^ 

aatggaaaatccattaattckattggttgataagaaaattgataaccttcaa^ 

gccaattcttgaaaacgtcgc^aaatcagglcgtccattal^ 

tgaaggcc^gcactagcaacattggtagtaaacaacttgcgcggcacatt 

agcggttaaagcccctggtttlsgcgatcgtcgtaaagcgatgt^caagat^ 

cttgacgggtggtcaggttatttctgaagagctagggatgtctttagaaad^ 

ttcttctttgggtacggcaagcaaggttgttatcgataaagaaaacaccgtgaitgtlga 

tggcgcaggtactgaagcaagcgttaatactogtgttgaccagatccg(g^ 

aagctcgacttttgatiacgacatcgaaaagttacaagaacgcgttgctaagctt 

cggcgttgccgtgattaaggttggtgcgggttctgaaatg g aaatgaaa^a agaans « 
ccgtgttgacgatgcac«catgcaactcgcgcagcggtteaagaaggtgt^ 

tggtggtgttgcmgattcgcgcactctclteagtaaccg^ 
tcaaaacgtcggtattgcattggcacttcgtgcgatssaagctcctat^ 
gggtaacgcaggtgagaagggtcagtggttgttgataaagtgaaatctgga^^ 
cmggttttaacgccagcacaggtgagtatggcgatatgattgcgatggfeUiaiaga 
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ccctgcaaaagtcacgcgi 
cacaaccgaagccatggttgcggatgcgcctgttgaagaaggcgctggtggtatgcctga 
tatgggcggcatgggtggaatgggcggtatgcctggcatgatgtaatcactttgtgatt 
at^cctgatctgcttaccgtgtaaaaagatcaggctcaaggctgtctctataa 
cgtatcmgat^gtgttgtctttctgctgaaaacgacattdtggagtgcggc^ 
ttgattttggtcataay^atfcagaatattgtgtaattttatgtaactegrt 
tgngagttcctctgggtggcatgatctcatggtacttcacttaagcctgattcac^ 
gctttaacagtaaaataataacgcaacgta g fl a a ra t aa t a agcgtatggcattaatgaa 

* 

gacggctgcatttaattcagatc 



SEQ IP Nq a- Amino acid sequence of esterase cloned from Olei^ira cmtctrcHca fEstRB8^: 
EsOffiS encoded by nucleotides 1 14S to 2143 Frame 2 of Figur 4) 333 aa 

MKim.KSSSMSLKQLGTGALIlSSlJ?FGGCTTTQQDI«.^ 
SAGDVNLTYMERQGSDKDNAESVILLHGF^ 

hqdseqllttdygltkqaerijjtfl^glgvnsfhiagnsmgg;^^ 
tlroaagvdgdteseyykvlaegknpuatdeasfey 
rktlaraed^nkifsdmijwtkerloi^^ 
vsaaaafkkhpqatvhifpevghlpmveipsesakvy^ 



Figure 4: 

SEP ID No S: DNA fragment from plasmid oBKlEst coding for esterase of Oleispira 



Niideotide poshioiis 1-100 coirespond to reverse coraplem&ix of po^ons 1 196-1 121 and 
3799-3939 correspond to reverse complement of 1043-952 of pBK-CMV vector (Stratagene). 
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Poations 101-105 are^amfll-SteiSAI fiiaon and positions 3795-3798 are &iii3A1-^<brHI- 



fusioo. 




g^gcctgcag 



gtegacactagtggatcaacfficgttcatggtartggctgagttcagcgteataalgcc^gcgatartggc^ 
taaartcttc^tattcaaaattattactgttcatattocaatcatagtecaggctagaggc^^ 




ttggcaataccaagaatUatcgattttgatgatgacattaagcaggcaaacttt^cctat^^ 

Bnyj^ogftoi,tt«'»rtg]M4mggcgtat<M;giMcctt cara^^ 
gaagaaacct^Cttatctiasccattaccgrtglagcxgaatt^cgcttsux^^ 

gctggcctag3agttaaaacagcctd^gcc^gacgu:aatcttacttata^eaa(^^ 



ggl«BB'trfl«*''^«»'^gccgStaattcaatggeggegectatc»gBgc^^ 
acattgatcgatgci^PBggl^cj 




gatgaagcaagttt^iataccgcatgggtttcaocat^uacagcctccttt^^ 
ctagcccgtgccgagateaataacaaaatttttta^gamgagaaaaccaaagaflcgtt^^ 
aagtgaaaatggctcaacatccattgpcaacactgaimgtggggcaaagaagptcgpgttm 
aaaaaafltaattccacaagraactgttratatttttcctgaflgtaggccacctac^^ 

gaagagtttttgtcctctattaaataagagcacataatcatgactgi 
ccaaattattcaacgaccaagctctgcggtaaaatcgcagtgggLUatgtt tt catcaacagcaacaaaegtga^ 

cattmctgattatcaaaatacatactttccaccagcatattaacttcaacttt^^ 

cgacaat^ta«JtecSSgaacaggatgcttaaaatcgattcgatcactgctgacggtta(^tgct^ 

graataaaagaaacctcatccatccactgcattgcagjgccaccgaataaqgtatc«gatga«tt 

aatagtegtttttgatacgcgrtttcgctgcgcaataatatmctctgctaagagttgcggatggcatac^^ 




gtgataatam«ttcttgccatgasagcttatiatBaaagcctgtgcttaaaatcaatcatt^^ 
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atatttcatatataamcacactaccctiatctcactagacttcc^ 

gctgcaacacatgccctagcgtctaaagtagcacgc»caacactg^ 

aagcgctattaaacttacirraaamoaaccaccaccatt^gc^ 

cgatgflcatagatctaatcgattatcaaacccgcattcaagcgctcattaa^ 

atatgcaagcggcggcggaagagctgccWgatcgatcaagaagaagggagca^aaaga^^ 

aaataaatagaggtgtaccatgtcaaacatctggtttgaagtaccaaagattgaBgrat^ 

aacttaggcattcaaaltacagaaattggcgatgattatatcaagg<»caa^ 

attcatggc^acaaatgtattgctggcagaaacactgggcagcatggcagctaactgct^^ 

ccaagaaattaacgccaaccacatacgcggtgttcgnccggcatagtgactggcacagcaacgc 

ccagamgggaaattcgcatcgttaacgatccaaagaattcaaaaagcttctcgagagtact^ 

ttccacccgggtgggglacoiggtaagtglacccaattcgccxtatagtgagtcgtaltacaa^ 



Figure 5; 

^mino acid sequences expressed from vector pBKlCpnEst: - the co-expression of fiagmgnts 
encoding native chapeyonines with the esterase gene fEstRB8'>, all firom Oleisaira antarctica 

SEP ID No 6: cpnlO (nucleotides 113 to 403: Frame 2 of Figure 6\ 97 aa: 

MKIRELHDMVVRRKEEETATAGGIILPGi^^ 
VNBGDVVWGKYSGQNTiroiDGEELLDL^ 

SEP BP No 7: cpn60 fnucleotides 455 to 2098: Frame 2 of Fig ure 6^ 548 aa: 

AREIELKDKFENMGAQMN^VASQANDQAGDGTTTATV^ 

IMDIKRGnMCATAAWAAIKBQAQPCLDTKAlAQVGTO 

GKEGVrrVEEGKGLEDELDVVEGMQFDRGYI^YFINNQE 

IDNLQELIJ»II£^nrAKSGiOTi^ 

PJUCAI^QDLA!LT<KK2VISEEL€»4SI£T^^ 

YNTRVIKJIRAEmSSTSDYDIEKIXJERVAKL 

PALHATKA AVJabUV V A GGGVAURAL^SVTWGPNEPQNVGIALALRAMEAPIRQI 
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AGNAGAEGSVYVDKVKSGTGSFGFNASTCjEYGDMIAMGILDPAKVTRSSLQAAASI 
AGIJk-lITTEAMVADAPVEEGAGGMPDMGGMGGMGGMPGMM 

SEP TP No 8; estRBS faucleottdes 2579 to 3 577: Frame 2 of F ipare 6^ 333 aa: 

MKNIIXSSSOTSLKQLGTGALIISSIJTGGCTTTQQDNLYTGVMSLARDSAGIJEV^ 

SAGDVNLTYMERQGSDKDNABSVnjJICTSADKDNWnjrrKEFDEKYHVlAVDLAG 

HGDSEQIXTroYGUKQAERUJlFLSGgLGVNSFHlAGNSMGGMSAIYSLSHEEKVK^^ 

TIJDAAGVDGDTESEYYKVI^GKM>LIATDEASEEYRMGFIMrQPPFlJ^ 

KKTLA^UEIIWIaFSDMLK^CERLGMIOTQQKIEVK^^ 
VSAAAAFKHIPQATVHIFPEVCan^PMVElPSESAKVYEBELSSTK 



Kgure 6; 

SEP ID No 9: pBKlCpnEst: - the fusion of nati ve chapmopi^B-codiitp firapments with 
esterase ofOleispira emtarctica fEstRBS'^ 

The DNA fragment coding for QptiiO and Cpn60 is flanked by Sacl she ^os. 69-75) and iSaff 
site (encoded by pos. 2138-2143 of Figure 7): 

Nucleotide positions 1-75 correspond to reverse complement of positions 1196-1121 and 
positions 5233-5273 correspond to reverse complement of 1043-952 of pBK-CMV vector 
(StiHt^gene) 

Small letters - the Cpnl0-Cpn60 encoding fiagment, 

Capita] italics - fragments of vector pBK-CMV 

Capital letters - fragment coding for EstRBS fivm plasmid pBKlEst 

ACACGAAACACCTATmCCTIGATTACGCCAAGCTCGAAATr^ 

gttgttcgccgtaaagaagaagagaccgcaactgcgggtggtattattttacc^Qgctgcgscagaaaaaccaaatcaaggtgttgt 
tatactgtgggtactggccgtattcttgataatggttcagtgcaagcgctggt^gttaac g aag g cga^ttgtcgttmggtaaatactc 
aggtcaaaatactatcgatatcgatggtgaagaattattgattttgaatgaaagtgatatctac^cgttttagaagcttaattattacactca 
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cttttttamacctacaaaatttaaggaaagatcatggctgctaaagac^ 

gtaaacattttagccga9g(»gtaagagttaccttaggacctaaaggtcgtaacgttgttatagaaaaatcam 

caaaga^lgiu a gltgcgcgtgaaatcgaattgaaagacaaattcgaaaacatgggcgcacagatggttaaggaagttgct^ 

agcutacgaccaagcc^gacggcacaacg&cagcgaagtactagcacaggcgattatcagpgaaggcttgaaattctgt^ 

ctggcatgaatccaatggacttaaa^ggtattgataaagctacggctgctgttgttgccgccatt aaag Ha c a wg cte^ 

gatacaaaagcaatcgctoaggtagggacaatotctgccaatgccga^aaacggttggt^tttaatt^^ 

cggtaaagaa8SlSt^dtac^J:tgaagaaggcaaaggcrttgaagacgagct1@atgt^ 

acttgtetccgtacttcatcaacaaccaagaaaaaatgaccgtagaaa^ g aaaatc c a n an t tct^ 

cttcaagagagi^ccaattetieaaaacgtcgctaaatcaggtcgtccattattgat^ 

aasat^itagtaaacaacttgcgcggcacaitcaagsitgcagcggttaaagcccct^ttttggt^^ 

agatcttgccatsttgacgggt^tcaggttatttagaagagctagggatgtottt^^ 
gcaa^t^ttat^gataaagaaaacacc^ltgattgttgatggcgcaggtactgaagcaagcgt^^ 

r tgaiiiitff gflMgctegMttcagattacgpcatcpaaaaimaRaaBBactw^^ 

gtgMgHgcgggtggtBgtgttBctttgattcgcgcactcfaatcagtaaccgttgtt ^ 
t^cacttc^gcga^igaQgctcctatccgtcaaatc^gggtaacsraggtgctgaagggtcagtgg^ 

atcftctacaagocspggcgsctatcgcaggtt^a^atcacaaccgaagcc^ 

gtatgcctgatat^gqggca^ggtggaaj^ggcggtalgcxtggcatgatgbetcactttg^at^ 

GTCOACATATrCAAGATAAAGATGCCTTCACTGACATCAGTCACX:AACAATCAAT 

CAAACACCAATACCAATCGCAAAAACTCATAAAACTAGCCGATCACCAAATCCC 

AAAAGCGITCAAAAATGAAACGAGCACGTCACACAAAATCAATTTATACGCTAA 

CGAACCAGGTCAAACTTATCGTTTTmGAGCACGTTrGTTCCACTAATGAAAGA 

GAAAAGTCGTTAATTCACTGGCTTTTGGCGTATCCGCACCTTCACATAGAAATTA 

GTAATGGCATGCTACTGGCXnTTAAAAAGAATCAGTTAATTGAAGAAACCTCGCT 

TATCTCAGCCATTACCGCTGTAGCCOAATTTTGCGCTTATCXJTCAGCCATGATrAAA 

CroACGCCAATrAATATAAGACATACTAATTAATAACTCCCTTAATTGAGAAGAA 

TAATGAAAAACACACTCAAATCCTCATCACGTTTTAGTCTGAAACAACTCGGCAC 

CGGCGCTCTGATTATCTCCAGTTTGTTCTTCGGTGGTTGCACCACAACACAACAAG 

ATAATTTATACACAGGGGTTATGTCTCTTGCGAGAGACAGCGCTGGCCTAGAAGT 

TAAAACAGCCTCTGCCGGTGACGTCAATCTTACTTATATGGAACGCCAAGGCAGT 

ftAPA A AOATA ATnrcaAAAGCGTTATTTTATTACACGGTTTCTCTGCTGATAAAG 

ATAACTCGATTCTTTTTACCAAAGAATTCGATGAAAAATATCATGTTATCGCTGTC 

GATrrAGCOGOACATGGCGATTCAGAACAATTATTAACXJACnXSATTACGGlX^ 
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TAAAACAAGCCGACK:C3TTTAGATATCTTCrrATCTGGCTTAGCGGTTAACTCATTT 

CACATCGCCGGrAATTCAATGGGGGGGGCTATCAGCGCAATCTACAGTTTGAGTC 

ACCCAGAGAAAGTTAAAAGTCTTACATTGATCGATGCAGCAGGTGTCGATGGCG 

ATACTGAAAGCGAATACTACAAAGTTTTGGCAGAAGGTAAGAATCCTTTAATTGC 

AACrGATGAAQCAAGTTTTGAATACCGCATGGGTTrCACCATGACTCAGCCTCCT 

TXCCTACCTTGGCCACTAAGACCTTCTTTATrACGTAAAACGCTAGCCCGTGCCGA 

GATCAATAACAAAATTTrTTCCGATATGCTGAAAACCAAAGAACGTTTAGGAATG 

ACTAACTTTCAACAGAAAATTGAAGTGAAAATGGCTCAACATCCATTGCCAACAC 

TGATTATGTGGGGCAAAGAAGATCGCGTrCTrGACGTATCCGCAGCAGCGGCCTT 

CAAAAAAATAATTCCACAAGCAACTGTTCATArrTTTCCTGAAGTAGGCCACCTA 

CCTATGGTAGAAATTCCTAGTGAAAGCGCrAAAGTTTATGAAGAGTTTmjTCCT 

CTATTAAATAAGAGCACATAATCATGACTGACTTATAAACAGCCAAGCATTTAAA 

ATGCTTGGCTGTrTATTTTAATGGCCAAATTATTCAACGACCAAGCTCTGCGCTAA 

AATCXK:AGTGGGTlTCTTGTTrTCATCAACAGCAACAAACGTGAAATACCX:CCT^ 

ATCGCATTTITCTGATTATCAAAATACATACTTrCCACCAGCATATTAACTTCAAC 

TTTTAAACTCGrCCGCCCTACCTCTATAACACTGGCAGTCAATTCGACAATGGTAC 

CTGCGGGAACAGGATGCTTAAAATCGATTCGATCACTGCTGACGGTTACGATGCT 

TTGTCOAOAAAAACGAGTCGCTGCAATAAAAGAAACCTCATCCATCCACTGCATT 

GCAGTGCCACCGAATAACGTATCATGATGATTTGTTGTCTCTGGAAATACCGCTTT 

AGAAATAGTGGTTITrGATACGCGCTTTCGCTGCGCAATAATATCTTCTCTGCTAA 

GAGTTGCGGATGGCATACATAAACTCGCrrGATTAAGATTAATAATAAATAGTTA 

ACAGTATATTOAACTGAGGGTCTGAAGAACTCTAATACCTCTGAAGAACTTTGAG 

GCCGCTAGAGAGAAAAGACCAGTGATAATATrrCATCTTGCCATGAGAGCTTATC 

ATGAAAGCCTGTGCTTAAAATCAATCATTATATrrATTCATCTTTAATTGAAATAA 

TACCAATATATTICATATATAATTTCACACTACCCTTATCTCACTAGACTTCCCGC 

GCATAGGCGCAAACAATCAACGCAAGTICACAATAAAGCGGTTCGCTGCAACAC 

ATGCCCTAGCGTCTAAAGTAGCACGCACAACACTGGCCAGTCGTACTAGCCCCTT 

TGCGATTCGTGCAGACGAGCAACAAGCGCTATTAAACTTACCTAAATTTCTAACC 

ACCACCATTGOTTCTrTTCCACAAACTCAAAAAACTCGTCAAATCCGCTTGCAATT 

TAAACGCGATGACATAGATCTAATCGATTATCAAACCCGCATTCAAGCGCTCATT 

AAAAACGCACCACTGGCAAGAAGTTCTACCTGCACTGACCAATATGCAAGCGGC 

GGCGGAAGAGCTGCCTTTGATCGATCAAGAAGAAGGGAGCAGCAAAGAGGAAA 

ACAATCAAAAAGAGGAGAGCAATCAAATAAAAACGAGTTATTGAGGATTTTAAT 

TirAAAACAGGTATATTAATACCCTCTCTCGTAGTAAACAATGACTGTATTTACAC 
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AAAAATAAATAGAGGTATACCATGTCAAACATCTGGTTTOAAGTACXiAAAGATTG 

AAGTATTAAACCGTCAAATGGAAAATACTGCCTGCAGCAACTTAGGCATTCAAAT 

TACAGAAATTGGCGATGATTATATCACTGGCACAATGCCAGCAGATGCACGTACC 

TTCCAGCCAATGGGACTGATTCATGGCGGCTCAAATGTATTGCTGGCAGAAACAC 

TGGGCAGCATGGCAGCTAACTGCTGTATTAATTTGTCTCAAGAATATTGTGTTGG 

CCAAGAAATTAACGCCAACCACATACGCGGTGTTCGTTCCGGCATAGTGACTGGC 

ACAGCAACGCTAGTACACAAAGGAAGAACCTCCCAGATTTGGGAAATTCGCATC 

QTTAACGATCCAAACAATTCAAAAAGCnClCCAGACTACTTCTAGAGCCCCCGCaaG 

CCCATCGATnrCCACCCGGGTGGGGTACCAGGTAAGJGTACCCAATTCGCCCTATAGT 

GAGTCGTAJTACAATTCACTGGCCGTCGTITTAC 



Fi^re7: 

Amino add sequences esprrased from vector oBKlCnnSREst: - the co-exp ression of the 
QtBhi^ feaH ninele rine mutant chaperonin with the esterase gene (Es tRBSl from OleiSDtra 
anlarctica fepnlQ-stabilized single ring mutant Glii461 Ala/ Sei463AlaAfal464Ala!!est^ 

SEP tPNo 10: cpnlO fmieleotides 113 to 403: F tame2 ofFimre St 97 aa: 

MHRPUffiRTVVRRKEEETATACGmJGAAAEKPNQGVVISVGTGR^ 
VNEODVVWGKYSGQiNTIDIIXiEEIXILNESDIYGVLEA 

Bdow - Capital bold letters are the mutations introduced 

SEP ro No 11 : stabilized single ring mutant of cpnSO (nucleotides 4S5 to 205 >8: Frame 2 of 
Figure S\ 548 aa: 

MAAKDVUfGDSARAKMLVQVrm<ADAVRVTL(^(aiNV^^ 

AREIELKDKFBNMGAQMVKEVASQAh©QAQDGTTTATVLAQAnSEGLKSVAAGMN 

FMDUDRGIDKATAAWAAIKEQAQPaj)TKAIAQVGTISANAnETVGRIlAEAME^ 

<aaEGVITVEECHCGLEDEU)VVE<aiQFDRGfYLSPYFINNQEKNl^^ 
IDNLQPCnPIlENVAKSCaiPIilVAEDVEGQALA 
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RRKAMLQDI^TGGQVISEELCMSISTADPSSLGTASKVVIDKENTVIV^ 
vm^VDQIRAEIESSTSDYPlEKLQHRVAKLACKJVAVKVGAGSEMEMKEI^ 
DALHATOAAVEEGVVAGGGVALIRAl.SSVTWa>NEDQNVGiAlJa-RANE 
A(3^AGA4G4y4VVDKVKSGTGSFGFNASTGEYGDMIAMGIU>PAKVTRSSLQAAASI 

A<HJ^4^TEA^^VADAPVEEGAGGMPDMGG1V^GGMGGMPGMM 

gpn TPNo 12: F-^RB8 fimcleot ^ des 2579 to 3577- Fiame 2 of FiBfire 8) 333 aa: 

MKNTLKSSSRFSLKQLGTGALnSSliTGGCTTrQQDOT.YTGVMSLARDSAGLEVKTA 

SA<M)VNLTYMERQGSDKDNAESVILIiiGFSADKDNWILFlKEEDEKYHV^ 
HGDSEQLLTTOYGUKQAEMJJIFLSQLGVNSFHIAGNSMGGAISAIYSLSHPEK^^ 

TUDAAGVDCaJlESEYYKVLAEOKNPIJAIDEASFEYRMGFrM^^ 

RKTI-AIUffilNNKIFSDMUnKEKLGMTNFQQKIEVKM 

VSAAAAFKKIIPQATVHIFPEVOTLFMVE1PSESAKVYEEF1.SSIK 



Figure 8:l 



.SEP ID No 13: DNA s 
flvnKw sion of the stabilt 



ce of vector nBKlCpiiRRTist? the e^ tpression cassette for the CQ. 
single ring mutant chapgmn'n with t ^^a ftsterasa gene flEstRBtl 
from OleiSDira antarctica f r pm D;!stabi| i?et ^ single ring mutant 
aiu461 Ala/Ser463 AlaA^al4 64 Ala: :est^ 

Nucleotide position!* 1-75 coirespond to reverse complement of positions 1 196-1 121 and 
positions 5233-5273 coirespond to reverse complement of 1043-952 of pBK-CMV vector 
(Stratagene) 

DNA fragment coding for Cpnl 0 and CpnSO is flanked by &icrl site (pos. 69-75) and San site 
(pos. 2138-2143). 



In the DNA sequence: 

Small letters - the Cpnl0-Cpn60 coding frag 
Capital italics - fragments of vector 

Capital letters - fragment coding for EstBSS from plasmid pBK i 
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Capital bold letters » introduced xnutatioiis 

ACACKJAAACAGCTATUACCITGATTACGCCAACCTCCA^ 

ACAAAAGCIXjGAGCTCctBSiaxilXegsatGG3^^ 

gttgttcgccgtaaagaagaagagaccgcaactgcgggtggtattatcttaccgggc^^ 

tatctctgtgggtactggccgtattcttgataatggttcagtgcaagcgctggcggtta^^ 

aggtcaaaatactatcgatatqgatgg|:gaagaattattgattttgaatgaaagtgat 

cttttttatttaacctacaaaatttaaggaaagatcatggagctaaagacgtattattt^ 

giaaacatittagccgacgcagtaagagttaccttaggacctaaaggtcgtaacgttgtta^ 

caaagatggtgltic®tgcgcgtgaaatcgaattgaaagacaaattcgaaaacatgggcgcac^^ 

agccaacgaccaagccggtgacggcacaacgacagcgaagtactagcacaggcgattatc^ 

ctggca£gaatccaa:^gatcttaaacgtggtattgataa^gcutcggctgct^ 

gatacaaaagcaatcgctcaggtagggaraatactgccaatgccgatgaa^ 

cggtaaagaaggtgtgattaccgttgaagaaggcaaaggccttgaagacgagcntgatgtt^^ 

acttgtctccgtacttcatcaacaacca asaaaaaatg accgtagaaategaaa^ 
cttcaagagctgttgccaattGltgaaaacgtcgctaaatcaggtcgtccattat^^ 

aacattggtaglaaac^act^cgcggcasattraaggttgcagcggttaa^ 

agatcttgcxatcttgacgggtggtcaggttatttctgaagagctagggatgtcttte 

gcaaggttgttatcgataaagaaaacaccgtgattgttgatggc^caggtactgaagcaagc^ 

ctgaaatcgaaagctcgacttagattacgacatc^aaaagttacaa^acgcgtlggta^ 

gttgglgcEggttctgaaatggaaafgaaHsagaagaaagaccBtgttgacgalgcacttc^ 

gtgt^nj^^gt^ggtgflectttgBttcgcgqactctcttcagtaa^ 

tggcacatcgtgi^atggaagctcctatcx?gtcaaatcg(sggtaa<;gca^ 

c^cacaggtagcmggitliaacgccagcacagg^agtatggcgatatgattgc^ 

gttcatctctacaagccgc^^ctatcgcaggtttgatgatcacaaccgaa^ 

ggtggtatgcctgatatgggcggcatgggteBaat^gggtatecctggcalgatgtaat^ 
cegKJTCGACATATTCAAGATAAAGATGCCTTCACTGACATCAGTCACCAACAATC 

AATCAAACACCAATACCAATCGCAAAAACTCATAAAACTAGCCCATCACCAAAT 

CCCAAAAGCGTTCAAAAATGAAACGAGCACGTCACACAAAATCAATTTATACQC 

TAACXJAACCAGGTCAAACTTATCGlTrm'lGAGCACGTITGTTCCACTAATGAAA 

GAGAAAAGTCGTTAATrCACTGGCITITGG(XjrATCX:GCACCITCACATAGA^ 

TACaAAaXiGCAXGCXACTGGCCITrAAAAAGAATCAGTrAATrGAAGAAACX^ 

CnATCTCAGCCATTACCGCTGTAGCCGAATITGCGCTTATCCTCAGCCATGATTA 

AACTGACGCCAATTAATATAAGACAXACTAATTAATAACTCCCTTAATTGAGAAG 
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AATAATGAAAAACACACTCAAATCCTCATCACGTTlTACSTCTGAAACAACrrCGGC 

ACCGGCGCrCTGATTATCTCCAGTrrGTrCTTCGGTGGTTCCACCACAACACAACA 

AGATAATTTATACACAGGGGTTATGTCTCTTGCGAGAGACAGCGCTGGCCTAGAA 

Gn-AAAACAGCCTCTGCCGGTGACGTCAATCTTACTTATATGGAACGCCAAGGCA 

GTGACAAAGATAATGCCGAAAGCGTTATTITATTACACGGTITCTCTGCTGATAA 

AGATAACTGGATTCTTTTrACCAAAGAATTCGATGAAAAATATCATGTTATCGCT 

GTCGATTTAGCGGGACATGGCGATrCAGAACAAlTATTAACGACTGATTACGGTC 

TCATAAAACAAQCayAGCGTTrAGATATCTTOTATCTGGCTTAGGGGTrAACTC 

ATTTCACATCGCCGGTAATTCAATGGGGGGGGCTATCAGCGCAATCTACAGTTTG 

AGTCACCCAGAGAAAGTTAAAAGTCTTACATTGArCGATGCAGCAGGTGTCGATG 

GCGATACTGAAAGCGAATACrACAAAGTTTTGGCAGAAGGTAAGAATCCTTTAAT 

TGCAACTGATGAAGCAAGTTTTGAATACCGCATGGGTTTCACCATGACTCAGCCT 

CCTTTCCTACCTTGGCCACTAAGACCTTCTTTATTACGTAAAACGCTAGCCCGTGC 

CGAGATCAATAACAAAATTTTTTCCGATATGCTGAAAACCAAAGAACGTTTAGGA 

ATGACTAACTTTCAACAOAAAATTGAAGTGAAAATGGCTCAACAtCCATTGCCAA 

CACTGATTATGTGGGGCAAAGAAGATCGCGTTCTTGACGTATCCGCAGCAGCGGC 

CTTCAAAAAAATAATTCXIACAAGCAACTGTTCATATTTrrCCTGAAGTAGGCCAC 

CTACCTATGGTAGAAATTCCTAGTGAAAGCGCTAAAGTTTATGAAGAGTTTTTGT 

CCTCTATTAAATAAGAGCACATAATCATGACTGACTTATAAACAGCCAAGCATTT 

AAAATGmGGCTGTTTATTTTAATGGCCAAATTATTCAACGACCAAGCTCTGCG 

GTAAAATCGCAGTGGGTITCTTGTTTTCATCAACAGCAACAAACGTGAAATACCC 

CGTAATCGCATITTTCTGATrATCAAAATACATACTrrCCACCAGCATATTAACTr 

CAACTrTTAAACTCGTCCGCCCTACCTCTATAACACTGGCAGTCAATTCGACAATG 

GTACCTGCGGGAACAGGATGCTTAAAATCGATTCGATCACTGCTGACGGTTACGA 

TGCTTTGTCGAGAAAAACGAGTCGCTGCAATAAAAGAAACCTCATCCATCCACTG 

CATTGCAGTGCCACCGAATAACGTATCATGATGATTTGTTGTCTCTGGAAATACC 

GCirrAGAAATAGTGGTTTTTGATACXKXSCTTTCGCTGCGCAATAATATCTTCTCT 

GCTAAGAGTTGCGGATGGCATACATAAACTCGCTTGATTAAGATTAATAATAAAT 

AGTTAACAGTATATTGAACTGAGGGTCTGAAGAACTCTAATACCTCTGAAGAACT 

TTGAGGCCGCrAGAGAGAAAAGACCAGTGATAATATTTCATCTTGCCATGAGAGC 

TTATCATGAAAGCCTGTGCTTAAAATCAATCATTATATrTATrCATClTrAAlTGA 

AATAATACCAATATATTTCATATATAATTTCACACTACCCTTATCTCACTAGACrr 

CCCGCGCATAGGCGCAAACAATCAACGCAAGTTCACAATAAAGCGGTTCGCTGC 

AACACATGCCCTAGCGTCTAAAGTAGCACGCACAACACTGGCCAGTCGTACTAGC 
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CCCTTTGCGATTCGTGCAGACGAGCAACAAGCGCTATTAAACTTACCTAAATTTC 

TAACCACCACCATTGGTTCTITrCCACAAACTCAAAAAACTCGTCAAATCCGCTTG 

CAATTTAAACGCGATGACATAGATCTAATCGATTATCAAACCCGCATTCAAGCGC 

TCATTAAAAACGCACCACTGGCAAGAAGTTCTACCTGCACTGACCAATATGCAAG 

CGGCGGCGGAAGAGCTGCCTTTGATCGATCAAGAAGAAGGGAGCAGCAAAGAGG 

AAAACAATCAAAAAGAGGAGAGCAATCAAATAAAAACGAGTTATTGAGGATTTT 

AATTTTAAAACAGGTATATTAATACCCTCTCTCGTAGTAAACAATGACTGTATTTA 

CACAAAAATAAATAGAGGTATACCATGTCAAACATCTGGTTTGAAGTACCAAAG 

ATTGAAGTATTAAACCGTCAAATGGAAAATACTGCCTGCAGCAACTTAGGCATTC 

AAATTACAGAAATTGGCXjATGATTATATCACTGGCACAATGCCAGCAGATGCACG 

TACCrrCCAGa:AATGGGACTGATTCATGGCGGCTCAAATGTATTGCTGGCAGAA 

ACACrGGGCAGCATGGCAGCTAACTGCTGTATTAATTTGTCTCAAGAATATTGTG 

TTGGCCAAGAAATTAACGCCAACXiACATACGCGGTGTTCGTTCCGGCATAGTGAC 

TGGCACAGCAACGCTAGTACACAAAGGAAGAACCTCCCAGAlTTGGGAAArrCG 

CATCGTIAACGAICCAAAGAATTCAAAAAGCnUJUCAGAGTACTTCTAG 

CGGCCCCATCGATITrCCACCCGGGTVCCGTACCAGCTAAGTG^^ 

ATAGTGAGTCGTATTACAAnCAClGGCCGJVGTITTAC 



Figure 9: 

Ami ff" a"'^ sequence of the stabiliz eH si^^ffh ™staaA Gltt461 Ala/Ser463Ala/Val464AIa of 
Cpn60: 

SRO roNo 14: ConlO fnucleotidea4S8-751o f Fieure 10): 

MlORPLHDWVVRRKEEETATAGGra^GAAAEKPNQOVVlSVGTGRIUJN^ 
VNEGDVVVFGKYSGQNTIDID C5EELLILNESDIYGYLEA 

■ 

Sg p roNo 15: CpneO fnucleotides 458-751 of Figure lOY. 

MAAKDVLFGDSAILAKMLVGVNILADAVRVTUH»KGRNVVD^ 
ABEIELKDKFENMGAQMVKEVASQANDQAGDGTTTATVLAQAnSEGLKSVAAGMN 

PMUUU<irfUl!L ArAAWAAIigeQAqPCLinKAlAQ^^ 
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roi^QEUJ>ILENVAKSGRPLUyAEDVEGQAI^I^ 

RRKAMLQDLAILTGGQVlSEELGMSLETADPSSLCn'ASKWlDK^ 

VNTRVDQIRAEffiSSTSDYDIEia.QERVAKLAGGVAVIK^ 

DALHAmAAVEEGWAGGGVALIRALSSVTWGD]^ 

AGNAGAAGAAVWKVKSGTGSFGHSrASTGEYCH^MIAM 

AGU^flTTEAMVADAPVEEGAGGMPDMGGMGGMGGB^ 

Figure 10: 

SEP ro No 16: DNA seauence of the stabili zed singl e ring mutant 
Glu46lAlfl/Ser463AlaA^al464Ala! 

In the DNA sequence: 

Small letters - the Cpal0-Cpn60 coding firagment. 
Big bold letters = introduced mutations 

atcaaaaaatgcagcaaggacagattcctgcccaagaattagcagaaggtttcttgttag 
cactggccggcgctttattattaacgccggBttttgtcactgatgogctgggttttacat 
tactcgtccccgcgaqgcgtaaagcgttggtccataa^tgattgca t t t a tta cccctp 
gcatgatgactgcaagcagctttcaagcgai^ggtagttttcaggaaggctcgtttaaag 

atgtacatcgcacactgactcgcaaagcagtcatgaanaaatcacaaitsaaE698fl^* 
ataccaaagacgataagtaggtattdttc^ctagccgttgaaatcctagtaaaagccc 

cgataaattaaccatctatttttcacagaggcaattt agccf t tg tttaccttattgatp 

ctaatacttgggatccaacagtfggagagtctagcaaatgaaaatccgtccattacatga 

tcgtattgttgttcgccgtaaagaagaagagaccgcaaagcgggtggtattattttacc 

gggcgctgcggcagaaaaaccaaatcaaggtgftgttatctctgtgggtactggccgtat 

tcttgataafggttcagtgcaagcgctggcggttaacgaaggcgatgttgtc^tttttgg 

taaatactcaggtcaaaatactatcgatatpgatggtgaagaattattgattt^aatga * 

aagtgatatctacggcgttttagaagcttaattattacactcacttttttatttaaccta 

caaaatttaaggaaagatcatggctgctaaa ga cgtattatttggtgatagcgcacgcgc 

aaaaatgttggtaggtgtaaacattttagccgacgcagtaagagttaccttaggacaaa 

^ggf rg^^a/>gfr> £ri^||»^giniq nnte nt i i ^ijtijmiai ijiiH "at i -I^CCflaagat ggtt^ 
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ttctgttgcgcgtgaaatcgaattgaaagacaaattcgaaaacatgggcgcacagatggt 

taaggaagttgcttctcaagccaacgaccaagccggtgacggcacaacgacagcgactgt 

actagcacaggcgattatcagcgaaggqttgaaatctgttgcggctggcatgaatcca^ 

ggatcttaaacgtggtaltgataaagctacggctgctgttgttgccgccaUaaaga^ 

agctcagccttgcttggatacaaaagcaatcgctcaggtagggacaa^ 

cgatgaaacggttggtcgFttaattgctgaagcgatggaaaaagtcggtaaagaag^ 



^tcgatcgcggttacttgtctccgtacttcatcaacaaccaagaaaaaatgaccgtaga 

aatgg^taaatccattaattctettggttgataagaaaa^ 
gccaattcttgaaaacgtcgctaaatcaggtcgtccattattgaicgttgctgaag^ 



agcggnaaagcccctggtmggcgatcgtcgtaaagcgatgttgcaagatcttgccat 
cttgac^ggtggtcaggitamagaag^ctagggatgtctrtagaaacngc^ 



tggcgcaggtactgaagcaagcgltaatactcgtgltgaccagatccgtgctgaa^ 

aagctc^cttctgattacgacatcgaaaagttacaagaacgcgttgctaagcttgcg^ 

cggcgttgccglgattaa^ttggtgcgggttctgaaatggaaatgaaagagaagaaaga 

c^tgt^acgatgcacttcatgcaact^^cagc^jlgaagaaggtgttgt^ 

tggtgg^ttgctttgaitcgcgcactacttcagtaaccgttgttggtgataacga^ 

tcaaaacgtcggtattgcastggcacttcgtgcgalggaagaccm 

a; 

ctttggttttaac^ccagcacaggtgagtatggcgatatgattgcga^ 
ccctgcaaaagtcacgcgttcatctctacaagccgcggcgtctatcgcaggtttgat^ 



attgtcctgatctgcttaccgtgtaaaaagatcaggctcaagga 

cgiatcittgatgaglgttgtcmctgctgaaaacgacattm 

ttgatmggtcataaaancagaatattgtgtaattttatgtaactagc^ 



gctttaacag laanataflfaffc gcaacgtagaaacataataagcg t a tgg c att a atsna 
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1 . Mica-ooiganism, characterized by the presence of a DNA sequence encoding a 
functional chaperone of a psycfarophilic bactermm. 

2. Nficrooiganism according to claim 1 , characterized in the DNA sequence encoding a 
functional chaperonin of a psychrophilic bacterium. 

3. Microoiganism according to claim 1, diaract^ed in the DNA sequence encoding the 
chaperonin Cpn60 and/or Cpn 10 (SEQ ID No 1 and/or 2) of Olev^ra tmtarciica, 

4. Microorganism according to daim 1, charactmzed in the DNA sequence encoding a 
functional homolog of the chaperonin Cpn60 and/or CpnlO of Oleispira anlarcilca 
(Seq ID Nr. 1 and/or 2) £rom a psychrophilic bacterium. 

5. ^fic^oorganism according to claim 4^ characterized in that the psychrophilic bacterium 
is selected from the group consisting ofMaraxella, and Alteramimas halopkmkiis. 

6. Microoiganism according to claim 1, characterized in the DNA sequence encoding a 
fimctional mutant of the chaperonin Cpn60 and/or Cpn 1 0 (Seq ID No 1 and/or 2) of 
Ohispira antarctica. 

7. Microorganism according to claim 1, characterized in the DNA sequence encoding the 
stabilized single ring mutam chaperonin Glu46lAla/Ser463AlaAral464Ala of Cpn60 
(Seq ID No 11) or the mutant chaperonm Ly5468Thr/S«^47 J Gly and/or Cpn 10. 

8. Microorganism according to one of the preceding claims, which is selected among 
animal cell lines, plant cell lines, gram-positive or gram-negative bacteria, fimgi and 

yeasts. 

9. Microoiganism according to one of the preceding claims, characterized in that the 
hetOTologous protein has enzymatic activity or honnonal activity in its native 
confonnation. 

10. Microoiganism according to one of the preceding claims, characterized in that the 
DNA sequence encoding a fimctional chap^ne is located chromosomally, extra- 
chromosomallyy or mitochondriallyy or in chloroplasts of plants. 

11. f locess for producing a protdn by heterologous epqiression in a host microorganism 
containing a gene sequence encoding the heterologous protein, characterized in that a 
microoigamsm according to one of the preceding claims is used. 

12. Process according to claim 1 1, characterized in that the host oiganism is cultivated ai a 
tempeiatuie below 25 °C, preferably 4 to 15 ''C. 

J7 
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13. Process accordiqg to daim 1 1 or 12, characterized in that the heterologous protdn is 
selected from the group consistiiig of mammalian protons, psychrophilic mammalian 
or bacterial proteins, mesophilic bacterial, fungal or yeast pixiteins^ and mutant or 
fusion variants tfaereoE 

14. Process for changing the conformation of denatured proteins into their native and/or 
active conformation, characterized by the step of contacting the denatured protein with 
a functional chapa'one of a psychrophilic bacterium. 

15. Process according to daim 14, characterized in that the chaperone is the chapexonin 
CpnSO and/or Cpn 10 (Seq ID No 1 and/or 2) otOhispira antarctica in presence of at 
least one nucleotide, pref^ably adenosine triphosphate. 

)6. Process according to claim 1 1, characterized in that the chaperone is a fimctional 
homolog of the diaperonin Cpn60 and/or Cpn 10 (Seq ID No I and/or 2) from a 

« 

psychrophilic bacterium or a functional mutant of the chaperonin Cpn60 and/or Cpn 
10 (Seq ID No 1 and/or 2) of Ofoispiracmtarctica. 

17. Process acconSng to one of claims 1 1 to 16. characterized m that the contacting is 
performed extraceUularly or in vitro. 

1 8. Process according to daim 1 7, characterized in that the contacting uses at least one 
immobilized chaperone. 

19. Plants characterized in that it can grow at low^ ambient tmp^atures due to the 
presence of a DNA sequence CTicodtng a cold*active fimctional chaperone of a 
psychrophilic bacterium or plant 

20. Plant according to claim 19, characterized in the DNA sequence encoding a fonctional 
chaperonin selected from the group consisting of Cpn60 and/or Cpn 1 0 (SEQ ID No 1 
and/or 2) of Qleispira antarctica^ a fimctional homolog thereof and tiie stabilized 
single ring mutant chaperonin Glu461Aia/Ser463AlaA^al464Ala of CpnfiO (Seq ID No 

11). 
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Abstract: 

The present invention in general relates to the growth temperature of organisms^ espedally 
plants and microoigaiusms and the manipulation of the tolerable cultivation temperature. 
More specifically, the present invention rdates to the expression of heterologous proteins in 
micaroorganisms, and espedally to the hetwologous ejspression of heat sensitive proteins in 
bacteria, either gram-n^adve or grami-positive. 

In a first aspect, the present invention provides a method for manipiilation of cells and the 
resultant cells, characterized in that at least one g«ie firom a psychrophilic micro oiganism 
coding for at least one chaperone or diaperonin is expressed. Such cells are selected among 
cultivated eukaryotic cells, i.e. animal and plant cdls and mtire plants, gram-negative and 

ft 

gram-positive bactena, fiu^ and yeasts. 
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